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Abstract: Moringa oleifera plants have an extensive range of bioactive compounds (carbohydrates, 
phenolic compounds, lipids and fatty acids, proteins and functional peptides). These molecules may 
be included in several food matrices, such as bakery products, to improve their nutritional values. 
For that, the aim of this study was to replace the part of wheat flour with 1%, 2.5%, 5% and 10% of 
moringa leaf powder in cupcakes, assessing their antioxidant capacity, protein content and sensorial 
acceptability. The results showed that proteins and antioxidant capacity directly increased with 
moringa content. However, according to the tasters, these moringa-rich cupcakes were too dark. 
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1. Introduction 
Moringa is a plant grown in the north of India, Spain, Africa, the Middle East and South America, 
being Moringa oleífera the most cultivated species. Their leaves contain several nutrients such as 
vitamins, minerals, amino acids, β-carotenes, antioxidants, fiber and proteins (19–29%) with low 
caloric levels [1–3]. Due to their nutritional components, dried leaves have been used to fortify 
different food products such as soups, pasta, breads, cakes and cookies [4]. 
In this regard, the aim of this study was to evaluate the level of wheat flour replacement by dried 
moringa powder (0%, 1%, 2.5%, 5% and 10%) on the water, protein and antioxidant capacity in 
cupcakes. Furthermore, a sensorial assessment was carried out to estimate the acceptability of these 
products. 
2. Materials and Methods 
2.1. Materials 
Dried moringa leaves, grown in the Valencia region, were ground in a blender (Thermomix, 
TM31, Vorwerk, Wupertal, Germany) for 3 min at maximum speed (10,000 rpm). Then, the powder 
was passed through a 0.1 mm mesh sieve and it was stored at room temperature in a sealed glass jar 
protected from light. 
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2.2. Preparation of Cupcakes 
Cupcakes were prepared with the following components (w/w): 25% of eggs, 25% of sucrose, 
25% of wheat flour and/or leaf moringa powder, 12% of sunflower oil, 12% of milk and 2% of baking 
powder. Firstly, eggs were beaten in an electrical blender (Kenwood Ltd, KM240 serie, New Lane, 
Havant, UK) for ten minutes at maximum rate. After that, sucrose was added, and the mixture was 
blended for 5 more minutes. Then, milk and oil were incorporated, and the batter was mixed for 2 
min at a low rate. Finally, wheat flour/moringa and baking powder were aggregated in the batter, 
and it was blended for 5 min at a low rate. The batter was left to stand in a refrigerator for 30 min. 
Next, muffin paper cups (60 × 35 mm) were filled with 65 g of batter and they were baked at 145 °C 
for 23 min in a semi industrial oven (Rational AGD-86899, Landsberg am Lech, Germany). 
Depending on the degree of wheat flour replacement, five formulations were prepared: M0% 
(without moringa), M1%, M2.5%, M5% and M10% when the degree of replacement was 1%, 2.5%, 5% 
and 10%, respectively. 
2.3. Analytical Determinations 
Moisture content was obtained by means of the gravimetric method [5]. Protein content was 
determined by the Kjeldahl method [6]. An adaptation of the spectrophotometric DPPH method [7,8] 
was used to analyze the antioxidant capacity. For that, the percentage of free radical DPPH inhibition 
was registered according to the following equation: % 𝐷𝑃𝑃𝐻 = 100 · 𝐴 − 𝐴𝐴   
where: Acontrol = absorbance of initial DPPH (without sample) and Asample = absorbance after 30 min of 
sample addition [9]. 
2.4. Sensorial Analysis 
Acceptance of cupcakes formulated with different percentages of moringa powder (M1%, 
M2.5% and M5%) was analyzed with a panel composed of 30 panellists between 18 and 60 years of 
age. This test was performed in a sensorial room according to the rule ISO 4121:2003 [10]. On one 
hand, a hedonic scale was considered to find out the scores that the taster gave to the formulations 
depending on the attributes analyzed. On the other hand, a just about right (JAR) scale was used in 
order to know if the intensity of the attribute should be higher or lower. 
3. Results and Discussion 
Percentages of antioxidant capacity, water and proteins of the cupcakes are shown in Table 1. 
As can be seen in the table, moringa powder contains a high antioxidant capacity, which comes from 
compounds such as vitamin C, E and β-carotene. The antioxidant capacity of cupcakes increased 
linearly with respect to the percentage of moringa used (% DPPH inhibition = 7.4568 + 7.1074% 
Moringa, R2 = 0.9301), showing that the antioxidant power of moringa powder persists after baking. 
Table 1. Percentages of water, protein and DPPH inhibition in cupcakes (M) depending on the 
amount of dried leaf moringa powder (0%, 1%, 2.5%, 5% and 10%) and in moringa powder. 
Product Antioxidant Capacity (% Inhibition) % Water % Protein 
M0% 1.18 ± 0.06 a 26.5 ± 0.8 a 5.81 ± 0.12 a 
M1% 11.41 ± 0.07 b 28.2 ± 0.4 ab 6.08 ± 0.02 b 
M2.5% 38.81 ± 0.01 c 26.8 ± 1.5 a 6.52 ± 0.09 c 
M5% 40.86 ± 0.01 d 27.8 ± 1.0 ab 7.18 ± 0.10 d 
M10% 76.5 ± 0.2 e 29.33 ± 0.07 b 8.07 ± 0.10 e 
Moringa powder 80.16 ± 0.07 f 7.3 ± 0.3 29.6 ± 0.3 
Equal letters mean homogeneous groups obtained in the ANOVA analysis. 
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The persistence of the antioxidant activity of moringa after baking may be related to the 
interaction between the components of the cupcake (mainly proteins) and the active compounds 
(phenols) [11]. As was expected, protein content increased with the increase in moringa percentage 
in the product following a linear fitting (% Protein = 5.8946 + 0.2264% Moringa, R² = 0.9864) in 
coherence with the results found by other authors [12]. Bear in mind that in each formulation, for the 
theoretical protein content of the traditional components [13] and the protein obtained in the moringa 
powder (Table 1), no loses were found after baking in these conditions. 
The relationship between water and protein content may be related to the strong ability of the 
dried leaf moringa powder to bind to water, due to its high amount of proteins [14,15]. The moringa 
powder protein has several polar aminoacids such as serine, treonine, proline and glutamine [1]. 
These polar aminoacids interact with water molecules, so cupcakes that contain moringa powder 
showed a higher water retention ability. 
The lower scores obtained in the attributes of flavor, aroma, aspect and color when the 
percentage of moringa increased were probably due to the lower height reached in these cases and 
the great intensity of the green color, although the mechanical properties were well assessed without 
significant differences, irrespective of the level of moringa in the formulation (Figure 1). 
. 
Figure 1. Hedonic scores of cupcakes formulated with moringa. (* significant level > 95%, significant 
level > 99%). 
According to the results shown in Figure 2, the greater darkening of cupcakes with the moringa 
determined the purchase intention. 




 More than I like 
 Just how I like 
 Less than I like 
 I would not buy it 
 Maybe  
 I would buy it 
Figure 2. Just about right assessment (JAR) of cupcakes formulated with moringa. 
4. Conclusions 
It is feasible to formulate cupcakes with moringa leaf powder, increasing their antioxidant 
capacity and protein content. However, more studies should be carried out in order to improve their 
aspect, flavor and aroma since tasters penalized these attributes as the moringa concentration 
increased. 
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